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Another looks to the reclamation of a still larger tract lying 
between Boise and Mountainhome, with water stored at the 
head of the Salmon River and brought under the Sawtooth 
Mountains in a tunnel. 

The United States Reclamation Service is making extensive 
surveys and test boring for reservoir sites in the Boise water- 
shed to augment the water supply for the Payette-Boise project. 

The question of drainage of irrigated lands is engaging the 
attention of engineers in southern Idaho. The United States 
Reclamation Service is constructing a drainage system for the 
North Side Minidoka Project, near Rupert, and steps are being 
taken to attend to the matter of drainage in the Pioneer Irriga- 
tion District. In  close connection with this is the problem of 
water conservation. Mr. Don H. Bark, of the United States 
Department of Agriculture, is conducting an elaborate system 
of experiments looking to a more economical use of \\inter. 

Several small power plants are being constructed on the Payette 
River in Longvalley. One of these, a t  Tamarack Falls, will supply 
power to the town of Roseberry, and another a t  Van Wyck Falls 
will furnish power for Van Wyck, Crawford, and Thunder City. 
REPORT ON THE ANNCTAL RISE IN THE UOLUMBIA 

RIVER, 1910. 

There are two principal causes that operate to produce the 
annual spring rise in the Columbia River: The accuniulated 
depth of the winter's snow in the mountains and foothills a t  the 
close of the cold season, and the effect of the subsequent tem- 
mperatures upon the melting of this snow. An abundance of 
snow in the higher levels a t  the end of winter, and an early 
spring with steady warm or mild weat her, will obviously cause 
an earlier annual rise of approximately shorter duration, and 
higher river stages than usual, while, under similar snowfall 
conditions, if the temperatures of spring are divided into 
periods of alternately warm and cool spells, it! is evident that the 
annual rise will estend through a longer period of time ancl the 
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By T. F. DRAKE, Adstant  Observer, Portland. Oreg. 
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maximum stages reached wilrnot be so great. 
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Reports received early in April from Weather Bureau sources 

indicated that the snowfall a t  the headwaters of the Snake 
River, in Idaho and Wyoming, and at  the headwaters of the 
branches of the Columbia in Montana during the winter hacl 
been heavier than usual, while reports from the Canadian 
Meteorological Service showed less than the usual amount for 
the winter over the Columbia River watershed in British 
Columbia. The accompanying table shows the snowfall con- 
ditions that obtained at  selected stations in Montana and 
Idaho during the principal snowfall months. The compara- 
tively heavy snowfall of December, January, and February 
especially, is here shown, ancl it will be notecl that the accumu- 
latecl snow on the ground at the end of February was only about 
6 inches less than the total snowfall for that month. A study 
of Tables 1 and 2, in connection with Table 3, will be very 
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interesting, since the chief conditions affecting the river stages 
are indicated in the tables in a manner that permits of their 
being readily seen and appreciated. It should, however, be 
borne in mind that the figures given for the depth of the snow 
blanket a t  the end of March, and also at  the end of April, do 
not represent the amount of snow gathered in drifts in the 
canyons and ravines in the higher levels; otherwise i t  might be 
difficult to explain satisfactorily why the highest river stages 
occurred this year in May. It may be mentioned that snow fell 
in some localities as late as May in considerable quantities. 
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Weiwr.. .......... 111.5 April 28. 29. 30. 
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As will be seen by the above table, the precipitation over the 
section under discussion was coDsiderably above the average for 
November, but the weather was abnormally warm and a greater 
portion than usual of the precipitation fell as rain, and it was 
instrumental in increasing the volume of water in the Snake 
and the Columbia rivers above the monthly average. The 
November snowfall contributed but little to the winter's accu- 
mulated depth, but in January and February, with more than 
the usual amount of snowfall and temperatures below the nor- 
mal, the snow depth increased probably beyond the usual 
amount. Spring opened earlier than usual, and March with tem- 
peratures much above the normal, caused, as already mentioned, 
the snow in exposed places to melt rapidly, resulting in high 
water in all streams during that month, and causing apprehen- 
sion for an unusual volume of water in the Columbia during t.he 
annual rise. 

April was exceptionally warm, and the mountain snows con- 
tinued to melt rapidly; and as will be seen by the accompanying 
hydrograph, the Columbia and the Snake rivers began to rise 
in their lower courses about the 7tmh ancl continuecl to rise wit.11- 
out any marked interruption until the end of t,he month. The 
flood stage, however, was not reached at  any of the gaging 
stations, although a t  Vancouver, Wash., the gage registered 
only 0.1 foot short of the flood stage, and at Port.land, on t.he 
Willamette, backwater from the C'olunihia caused a sbage of 
16.3 feet, which is 1.3 foot above t.he flood stage. Backwater 
affects the stage of the Wil1aniet.t.e at Portland 60 such an est.ent. 
that there is a marked similarity in comparative stages of the 
two rivers a t  Vancouver ancl Portland, respectively ; hence the 
flood crests a t  Portland, as given in Table 4, show c1uit.e accur- 
ately the stages of the lower Columbia throughout. it.s course. 
TABLE 4.-Flood crests at Portlntirl, Oreg., dicritig atiiricctl rim of C'oltrtihin 
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Umatills..  ..... .I 10.0 May 14. 
Celilo ............ ~ 16.3 Mav 14 
The Dalles.. ... .I 33.1 M& 14: 
Cascade Locks.. 25.0 b h y  15. 
Vanpower.. .... 19.6 May 15. 16. 
Portland.. ..... .: 19.1 May 15. 16. 

APRIL I M A Y  I JUNE t;l Y 

FIG. 1.-Hydrograph showin5 succcwivc stages of the Columbia and 
Snake rivers at three representative stations in District No. 12. 

Wenatchcr, Rzwh., Colunibia River. 
-_-_-_ Vancouver, Wmh.. Coluiiibin River. - - - - - - - - - Lcwiston, Idaho, Snake River. 

The highest stages along the Snake River were reached (luring 
the last 3 days of A4pril, but there was a secondary rise during 
the first half of May, which increased the stages along the 
lower Columbia, and the highest stages along the C'oluinbia 
River were generally recorded on May 14 to l G .  The following 
table shows the highest recorded stages, with dates of occur- 
rence at  all stations on the Snake ancl Columbia rivers. 

River navigation was not materially interfered with during 
the rise, except from May 12 to lS, inclusive, when the highest 

stages were recorded along the lower Columbia. At this time 
the current was so strong at  Cascade Locks that boats, full- 
freighted, could not ascend the river, and were compelled to 
return to Portland and discharge a portion of their cargoes 
before passing the locks. The locks close at  a stage of 34 feet, 
as registered at  The Dalles, and a stage of 31 feet a t  the last- 
named point gives a current too strong for boats of the present 
type to overcome: more powerful boats would, however, have 
experienced no difficulty in making regular trips during this 
time. Navigation on the Snake River is never impeded by 
high water. 
TABLE 5.--4tititiul r iw f ' u l i i t d h  Riivr, 1910, highest irnter curd dates o j  

occ itrretice. 
..... ................. __- 
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Stntiuns. Height I Date. Stations. , Height I Date. 

Tliroughout the rise the stages of the river a t  Portland were 
quite accurately foretold, and, acting on this timely informa- 
tion, perishahle goods were removed to places of safety, and 
other precautionary measures were taken to ininimize the 
clnnger as far as the interests affected were concerned. As no 
reported tlaniage occurred, it. is obvious that, the warnings have 
been of great value in protecting property interests. At Port- 
land the river was above the flood stage from April 28 to June 10, 
a period of 43 clays, and at  highest water was 4.1 feet above that 
stage. _- - 

FROST FIGHTING IN THE BOISE VALLEY. 
By EDWARD L. WELLS, Section Dircctor 

The spring of 1910 was a favorable one for the fruit growers 
in the Boise Valley, and an unfavorable one for making experi- 
ments in protecting crops froin frost. There was but one 
serious frost, and partly because of extensive use of orchard 
heaters, and partly because of the fact, that this frost came SO 
early (April 15) that the buds and blossoms of commercial 
fruits had not yet reached the most tender stage, little clainage 
resulted. 

For the first time in the history of the valley, oil heaters were 
used by fruit growers. They were purchased in car lots, as was 
also the fuel oil for use in them. The Weather Bureau was in 
constantr touch with the growers, rendering valuable assistance 
in critical times, but could have been of much greater assistance 
had the growers themselves been better organized. The office 
was kept open all night on 11 nights, and part of the night on a 
number of others. The plan was to keep open whenever there 
was any cause for uneasiness, and this plan saved the growers 
much time and energy in watching, and a considerable amount 
of material. 
On the night of April 14-15, Mr. Arthur W. Garrett, formerly 

an assistant observer in the Weather Bureau, and now manager 
of the Garret Mercantile Company, a t  hleridian, 10 miles west 
of Boise, spent the night. in the orchard of Mr. W. N. Yost. He 
has kindly furnished this office with a report of his observations, 
estracts from whicli are given below: 

Thi. first observation of temperature, at 12:30 a. in., showed a reading of 
38". Several ohserrations WTN- taken betwwn 12:30 and 2:30, the temper- 
ature flutuating considerably, probably due to rhanges in the direction of 
the wind. While the wind shifted 
considerably during the night, i t  wtw generally from a westerly direction 
during the fore part of the night, and from an ensterly direction during thc 
1:itter part. Tliere was R noticeable breeze at time, but toward morning it 
was gmerally quiet. 

At 330 :E. ni. the lighting of the pot* was commenced, at which time the 
trmperature in the orchard stood at 26". At first only about half the pob 
were lighted, the lids being pulled hack about one-third. Several obw~va- 

The readings varied from 2Go to 31". 


